Introduction {#sec1-1}
============

Celiac disease (CD), also known as gluten-sensitive enteropathy, is a life-long condition that affects the small intestine in genetically susceptible individuals ([@ref1]). It is a multifactorial disease that arises from a complex interaction between genetic heritage, immunological and environmental factors. The genes involved are the major histocompatibility complex type II and, in particular, the HLA-DQ2 and HLA-DQ8 haplotypes. It's characterized by subtotal villous atrophy of the small intestine, intra-epithelial lymphocytosis and crypt hyperplasia, and is associated with a variable gluten-related presentation. ([@ref2]). Young children often present with "classic" symptoms including diarrhea, abdominal distention, and growth retardation. Vomiting, abdominal pain and constipation are atypical manifestations, more common in older children and teenagers ([@ref1]). Celiac disease can also present with extra-intestinal conditions such as arthritis, neurological diseases, and anemia ([@ref1]).

The presentation of CD has changed over time ([@ref1]). The prevalence of the classical presentation of CD has decreased in the last decades, while the prevalence of non-classical presentations has increased. Growth failure in terms of length (or height) or weight may be the earliest sign of the disease ([@ref2]) but many reports show that CD can be associated with normal weight but also with overweight and obesity ([@ref3], [@ref4]). Variations in the nutritional status may be seen at diagnosis ([@ref5]), which in pediatric age can be evaluated using indicators such as height, weight, BMI, skeletal age.

The quantification and the definition of BMI in children vary widely overworld, therefore it is difficult to compare papers from different countries. Anyway, the ideal definition, based on percentage of body fat, is impracticable for epidemiological use ([@ref6]). Body mass index (BMI, weight/height^2^) is widely used in adult populations, with a cut-off point of 30 kg/m^2^ is recognized as a definition of adult obesity ([@ref6]). BMI in childhood changes substantially with age and sex especially during the pubertal growth spurt ([Figure 1](#F1){ref-type="fig"}). Therefore the BMI in pediatric age should be used not as an absolute value but as a relative value, with the support of centile curves. Clearly, a cut-off point related to age is needed to define pediatric obesity. In the United States, the 85th and 95th centiles of BMI for age and sex, have been recommended as cut off points to identify overweight and obesity ([@ref6]).
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It is now well established that many patients with celiac disease have a high or normal body mass index (BMI) at diagnosis. Some studies show that BMI increases on a gluten-free diet (GFD), especially in those who adhere closely to the diet while other studies show contradictory results ([@ref7]). Few studies examining BMI and other growth parameters have been performed in children, with inconclusive findings ([@ref8]).

The aim of this paper was to review the available literature on nutritional status of children with celiac disease at diagnosis, focusing on the influence of gluten-free diet (GFD) on growth, through the use of specific indicators.

Methods {#sec1-2}
=======

In order to evaluate the nutritional status of children affected by CD at diagnosis, its evolution after gluten-free diet and the parameters that can be used to evaluate growth changes, we performed a literature search of PubMed database using Mesh terms''celiac disease'',''body mass index'' and''children''. Medline, Scopus, PubMed publisher and Google Scholar were searched as well. The entire databases were considered, without restrictions of time. We included only full text papers selected with two filters "humans" and "language". Only papers in English were included.

Exclusion criteria were:

-   papers referred to children affected by CD with other comorbidities such as arthritis, diabetes and thyroiditis.

-   papers referred to adult population

-   studies in which nutritional status of CD at diagnosis was compared with health children and not with the same group after GFD

-   literature-review articles

Each article was tabulated in chronological order from the oldest to the most recent as follows: author and year of the study, number of patients, demographic data, period of follow up, growth indicators at diagnosis (BMI, skeletal age), growth indicators after gluten-free diet (BMI, skeletal age) ([Table 1](#T1){ref-type="table"}). Further parameters to evaluate nutritional status such as biochemical tests were not considered.

###### 

Papers included in the literature review

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author, year               N° patients        Demographic data                  Period of follow up   Growth indicators at diagnosis (BMI, skeletal age)                 Growth indicators after gluten- free diet (BMI, skeletal age)
  -------------------------- ------------------ --------------------------------- --------------------- ------------------------------------------------------------------ ---------------------------------------------------------------
  Gemme G. 1999              26 (11 M, 15 F)    \<3 years                         15,3 years            Tendency to short stature, underweight and retarded skeletal age   Skeletal retardation, slightly below average height

  Patwari AK, 2005           50                 2-10 years                        1-4 years             Short stature, underweight.                                        Normalisation of body mass, incomplete recovery in height

  Oso O, 2006                1                  14 years                          3 years               BMI 37,2 Kg/m2                                                     BMI 42,7 Kg/m2

  Telega G, 2008             143 (93 F, 50 M)   1-17 years                        17 years              11,2% overweight (BMI \>90%)                                       \-

  Van Dommelen, 2008         134                \<2,5 years                       \-                    BMI decrement in patients with clinical manifestations             \-

  Valletta E., 2010          149                Children (median age 6,2 years)   1 year                5% malnutrition 23% underweight 11% overweight 3% obese            21% overweight 4 % obese

  Venkatasubramani N. 2010   143                childhood                         1 year                7 pz BMI \>95%                                                     4 pz decreased 2 pz increased 1 pz not available

  Reilly NR 2011             142                13 months- 19 years               3 years               75% normal 13% overweight 6% obese                                 13% of normal became overweihgt\
                                                                                                                                                                           75% of overwheigt decreased BMI

  Brambilla P, 2013          150                2-16 years                        4 years               16% underweight 12% overweight or obese                            8% underweight minimal increase of overweight

  Capriati T., 2016          445                children                          \-                    7,8 % overweight or obese                                          9,8 % overweight or obese
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The publications were manually screened and reviewed to identify reports, and data were extracted from the papers according to the predetermined criteria. Two investigators independently reviewed and extracted data from the papers according to the predetermined criteria.

Results {#sec1-3}
=======

After a first research, 147 abstracts were found. Among them, 127 full text papers were analyzed. Finally, applying the filters "humans" and "language" and including only English papers, 105 papers were obtained. After manual screening according to established criteria, we selected 10 retrospective articles, published from 1999 to 2018.

The numerosity of the cohorts among papers varied widely, from a case reports study with 1 patient ([@ref9]) up to the paper including the highest number of patients, with 445 subjects ([@ref10]). Overall 1383 patient in pediatric age (from 1 to 17 years old) were evaluated for their nutritional status at diagnosis of celiac disease and after a variable period from 1 to 17 years of GFD.

Only in one study ([@ref11]) skeletal age was used as growth indicator together with other parameters such as height and weight. In five papers ([@ref2], [@ref9], [@ref12]-[@ref14]), centile curves of BMI were considered as principal indicator for evaluation of growth changes after GFD. In the other four studies ([@ref8], [@ref10], [@ref15], [@ref16]) only weight was considered with the consequent identification of five categories: malnutrition, underweight, normal-weight, overweight and obese.

Discussion {#sec1-4}
==========

Celiac disease is one of the most common chronic diseases in childhood ([@ref7]). Children may present with the classical manifestations of disease characterized by chronic diarrhea, failure to thrive and abdominal distention or with non-classical features including gastrointestinal symptoms as well as extra-intestinal manifestations ([@ref3]). Because of the damage to the small intestinal mucosa, it can be expected to result in malabsorption of nutrients leading to poor weight gain, weight loss and undernutrition. However, a few recent reports have identified an increasing number of adults, adolescents and children who are overweight, or even obese, at the time of initial diagnosis of CD ([@ref3]). This concept has been well described by Dickey et al in 2006 ([@ref17]) who reviewed a database of 371 celiac patients showing how only few patients were underweight while a large part was overweight/obese.

In adult population affected by celiac disease it is easier to examine the relationship between the disease and nutritional status because BMI is a standardized and recognized parameter for the evaluation of corporeal mass. Cheng et al in 2010 ([@ref18]) and Ukkola et al in 2012 ([@ref19]) investigated BMI before and after GFD in celiac patients. Both concluded that GFD has a beneficial impact on BMI, underweight patients gain weight and overweight/obese patients lose weight.

In pediatric age, the relationship between nutritional status in CD before and after GFD is more difficult to evaluate because of the relative value of BMI and the necessity to use centile curves. Gemme et al in 1999 ([@ref11]) was the only author to use skeletal age in addition to height, weight and BMI, and he concluded that after a period of GFD patients didn't catch up completely in height and skeletal age. Patwari et al in 2005 ([@ref15]) used as anthropometric parameters only weight and height expressed as Z scores relative to National Center for Health Statistics standards. In this study 50 patients were analyzed and showed short stature and underweight before diet; after GFD they achieved a normalization of body mass but an incomplete recovery in height. The only case report study of Oso et al in 2006 ([@ref9]) reported the case of a 14-y-old boy with celiac disease with a BMI at presentation of 37.2 kg/m^2^ (\>99.9th centile) that increased to 42.7 kg/m^2^ despite dietary support confirming that obesity in childhood doesn't exclude the diagnosis of CD. Telega et al in 2008 ([@ref12]) confirmed the presence of overweight in celiac patients at diagnosis. The same results can be observed in a study by van Dommelen et al in 2008 ([@ref2]) in which she concluded that BMI is a better predictor for nutritional status than weight and much better than length or height. Valletta et al in 2010 ([@ref16]) observed, in a population of 149 children after 1 year of gluten-free diet, a doubling of overweight while obese remain unchanged. Similar results were obtained from Brambilla et al in 2013 ([@ref8]) where after 4 years of follow up he observed a halving of underweight and a minimal increase of overweight, and from Venkatasubramani et al in 2010 where, in a case study with 5% of obese (BMI \> 95%), two-thirds decreased after GFD while one-third increased. Capriati et al in 2016 ([@ref10]) presented an increase of both overweight and obese patients after GFD. BMI was used for this evaluation as a measure of nutritional status according to Italian growth charts of Cacciari. Instead Reilly et al in 2011 ([@ref14]) after 3 years of observation, showed substantially a decrease of BMI in overweight. Overall considering all growth indicators, with limits due to demographic data, it can be concluded that GFD improves nutritional status of CD with a reduction of underweight and obese but also with a minimal increase of overweight. This determines a modification of BMI distribution towards a bell shape which better represents the distribution of biological variables.

Conclusions {#sec1-5}
===========

Celiac disease is now considered a common chronic disease in childhood and no more a rare condition. Children more frequently present with atypical symptoms than with classical features and variations in nutrition may be seen at diagnosis. Many indicators can be used to evaluate the influence of GFD on growth even if BMI seems to be the best predictor. Overall GFD has a beneficial impact on growth changes determining a correction of BMI distribution towards a Gaussian shape. A careful follow-up of nutritional status after the diagnosis of CD is necessary, as new morbidities could also emerge in children strictly compliant with GFD, especially in overweight and obese.
